What is claimed is: 

A memory siibsystem comprising 

two memory devices connected in parallel to a bus, 
said bus including a plurality of bus lines for 
carrying substantially all address, data and control in- 
foAiation needed by said memory devices, 

said control information including device-select 
information, 

said bus containing substantially fewer bus lines than 

• \ 

the number of bits in a single address, and 

saVd bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual memory devices . 



2. The memory subsystem of claim 1 wherein said bus 
Contains at least 8 bus lines adapted to carry at least 16 
idress bits and\at least 8 data bits. 



3. The me: 
20 Includes parallel 




stem of claim 1 wherein said bus also 
for clock and power. 



4. A system comprising 



a memory subsystem of claim 1 wherein each bus of said 
memory subsystem ^s connected to its own transceiver device. 
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a transceiver bus connecting said transceiver devices, 

and 

a means for transferring information between each of 
said buses o:: said memory subsystems and said transceiver 
bus, whereby memory subsystems may be integrated into a 
larger system having more memory than an individual memory 
subsystem. 

5. The system of claim 4 having a plurality of memory 
subsystems . 

6. The system of claim 4 further comprising a master 
device connected tol said transceiver bus. 



7. The system! of claim 6 wherein said master device is 
selected from the group consisting of a central processing unit, 
a floating point unii and a direct memory access unit.^ 



-em^;^clai 



8. The systemi:Jf claim 4 further comprising a peripheral 
device connected to thi transceiver bus, said peripheral device 
adapted for connection! to other devices not on the bus. 



9. The system of \ claim 8 wherein said peripheral device is 
selected from the group Consisting of an I/O interface port, a 
video controller and a disk controller. 
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10. Th^^ system of claim 5 wherein said transceiver bus is 
in a dif ferenll plane than the plane of the bus of each of said 
memory subsystems. 

11. The system of claim 5 wherein the bus of each memory 
subsystem lies substantially in a subsystem bus plane and said 
transceiver bus lies substantially in a plane orthogonal to said 
subsystem bus pllane. 



12. The system of claim 4 having at least two transceiver 
buses, each transceiver bus having a plurality of memory 
subsystem buses connected through a first transceiver to said 

transceiver bus, \ 

each of said (transceiver buises being further connected to a 
second transceiveij adapted to interface to a second-order 
transceiver bus, whereby each transceiver bus is connected 
through said seconL transceiver to form a second-order 
transceiver bus uitdlt 




13. A semiconductor subsystem bus for interconnecting 
semiconductor devices comprising 

a pluralitjl of semiconductor devices connected in 
parallel to a bus, at least one of said semiconductor 



High Performance Bus Interface -65- 



- A 

devices being a memory device or a transceiver device which 
in turn is connected to a memory subsystem, 

said' bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information mseded by said semiconductor devices, 

said contlrol information including semiconductor 
device-select linf ormation , 

said bus Containing substantially fewer bus lines than 
the number of bits in a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 



individual semi'conductor devices, and 

at least one modifiable register in each of the semi- 
conductor devices on said bus, said modifiable registers 
being accessibli from said bus, whereby the subsystem can be 
configured using! signals transmitted on said bus. 



14. The semiconductor subsystem bus of claim 13 wherein one 
type of modifiable register is an access-time register designed 



to store a time delay kfter which a device may take. some 
specified action on sa^^^us. 




15. The semiconductor subsystem bus of claim 13 further 
comprising a semiconductor device having at least two access-time 
registers and 
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one of said access-time registers is permanently prograiraned 



to contain a fixed va'lue and at least one of said access-time 



•!fied by information carried on said' bus. 



registers can be mod 



16. The semico iductor sxibsystem bus of claim 13 further 



comprising a memory 



device having at least one discrete memory 



section and also having a modifiable address register adapted to 

information which corresponds to each said 



store memory address 



discrete memory section. 



17. The semi 
said memory address 
Crete memory section 



conductor subsystem bus of claim 16 wherein 
information comprises a pointer to said dis- 



18. The semiconductor subsystem bus of claim 16 wherein 
said discrete memory section has a top and a bottom and said 
memory address information comprises pointers to said 4:op and 
said bottom. 



19. The semicon^U^^ subsystem bus of claim 16 wherein 
said memory addreMji^if ormation comprises 

a poinl^r to said discrete memory section and 
a range value indicating the size of said discrete 
memory section 
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20. The semiconductor subsystem bus of claim 16 wherein 
said address registers of each of said discrete memory sections 
of each of said memory /devices connected to said bus are set to 
contain memory address! information that is different for each 
discrete memory section and such that the highest memory address 
in each discrete memory section is one less than the lowest 
memory address in another discrete memory section, 

whereby memory may be organized into one or a small number 
of contiguous memory Mocks. 

21. The semiconcuctor subsystem bus of claim 16 further 
comprising a means for testing each of said discrete memory sec- 
memory devices for proper function, and 
-functional discrete memory section, a 
means for setting at least one address register which 
corresponds to said discrete memory section to indicate that 
said discrete meiiory section is non-functional, , 



tions of each of said 
for each non 



for each functional discrete memory section, a means 
for setting at liast one address register which corresponds 
' to said discrete kemory section to contain such 
corresponding a^fte^e^s information. 



22. The semicondubtor subsystem bus of claim 21 wherein 
said address registers lorresponding to said discrete memory 
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sections are set to provide one contiguous memory block within 
the subsystem. 



iJd' 



23. The semiconjductor subsystem bus of claim 13 wherein one 
of said modifiable registers is a device identification register 
which can be modified to contain a value unique to that 
semiconductor device 



24. The semiconductor subsystem bus of claim 23 wherein 
said device identification register is set to contain a unique 
value which is a function of the physical position of that 
semiconductor device either along said bus or in relationship to 
other semiconductor devices or said bus. 

25. A bus subsystem comprising 

two semiconductor devices connected in parallel to a 
bus, wherein orie of said semiconductor devices is, a master 



device including a means for initiating bus 



device, 

said maste 
• transactions, K 

said bus LrcCuding a plurality of bus lines for 
carrying sub/taat^lly all address, data and control 
information needed by said devices, 

said control information including device-select 
information , 
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said bus containing substantially fewer lines than the 
number of bits in a single address, and 

said bus carrying device-select information without the 
need for separate device-select lines connected directly to 
individual devices /on said bus, whereby said master device 
initiates bus trarisactions which transfer information 
between said semiconductor devices on said bus. 



26. The bus subsystem of claim 25 wherein one of said 
semiconductor devices lis a memory device connected to said bus, 
said memory device having at least one discrete memory section 
and also having a modifiable address register adapted to store 
memory address informLtion which corresponds to each said 



discrete memory secti 



on. 



27 . The bus 
semiconductor devices 
parallel to said bus 
on a bus other than 



subsystem of claim 26 wherein one of said 

comprises a transceiver device connected in 
and connected in parallel to a memory device 
said bus . 



for said master devi 
for a bus transac 



28. The bus subsystem of claim 26 further including a means 




o request said memory device to prepare 
sending a request packet along said bus, 
said memory device aAd said master device each having a device- 
internal means to prepare to begin said bus transaction during a 
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device-internal phase and further having a bus access means to 
effect said bus transaction enuring a bus access phase, said 
request packet including 

a sequence of byt^s containing address and control 

information, 

said control information including information about 
the requested bus transaction and about the access time, 
which corresponds to a number of bus cycles, ^ich needs to 
intervene before beginning said bus-access phase, and 

said address information pointing to at least one 
memory location wi(:hin one of said discrete memory sections 
of said memory device. 



29. The bus subsystem of claim 28 wherein said memory 
device includes a means to read said control information and 
initiate said devicejintemal means at a time so as to complete 
said device-internal (phase within said access time and begin said 
bus access phase after said nvimber of bus cycles. 



30. The bus subsystem of claim 28 wherein said control 



information compris«s\ an op code . 




31. The bus su^B^iAstem of claim 30 wherein said memory 
device includes ^nse amplifiers adapted to hold a bit of 
information or to precharge after a selected time and a means to 

t 
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transfer a data block during a data block transfer either reading 
data f rom^said memory device or writing data into said memory 
device, anA ■ 

wherein\said op code instructs said memory device to 
activate a response means, said response means including a means 
to 

initi^e a data block transfer, 
select the size of said data block, 

select the time to initiate said data block transfer, 

access a control register, including reading from or 
writing to said Control register, 

precharge said sense eunplifiers after each of said data 
block transfers isVcomplete, 

hold a bit of information in each of said sense 
amplifiers after eacnyof said data block transfers is 
complete, or 

select normal or page-mode access. 

\ 

32. The bus siibsystem of claim 31 wherein said data block 
transfer comprises a read from or\a write to memory within a 
single memory device. 




33. The bus subsystem of claim ZBv^urther comprising a 
means for said master device to send control information to a 
specific one of said semiconductor devices on said bus by 
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including in said request placket a device identification number 
unique to said semiconductor device. 



34^ The bus subsystf.em lof claim 28 further comprising a 
means for said master device to send control information to a 
selected one of said discrete memory portions by including in 
said request packet a specif iic memo3cy address. 

35. The bus subsystem ofi claim 28 further comprising a 
means for said master device to send control information to 
substantially all semiconductor^ devices on said bus by including 
in said request packet a special device identification number 
which is recognized by said semiconductor devices. 



36. The bus subsystem of claim 28 wherein said control 

information specifies directly orVndirectly the number of bus 

cycles for said master device and said memory device to wait 

\ 

before beginning said bus access pha^se. 

37. The bus subsystem of claim/3.6 Wierein, for a data block 
transfer, said master device and sajld^^ory device use the same 
access time and same data block size regardless of whether said 
data block transfer is a read or write (Operation. 
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38. The bus subsystem of claim 28 wherein said control 
information further incluLs a block-size value that encodes and 



specifies the size of the 



block of data to be transferred. 



39. The bus subsystem of claim 38 wherein said block-size 
value is encoded as a lineir value for relatively small block 
sizes values and is encoded! as a logarithmic value for relatively 
larger block sizes. 



40. The bus subsystem of claim 38 wherein said block-size 
value is encoded using four hi 



and where the encoded value is 



Encoded Value 


Baock 


0 


0 \ 


1 


1 \ 


2 


2 \ 


3 


3 \ 


4 


4 \ 


5 


5 \ 


6 


6 \ 


7 


7 \ 


8 


8 ^ 


9 


16 


10 


32 


11 


64 


12 


128 


13 


256 


14 


512 


15 


1024 



41. The bus subsystem of claim '2^6 wherein said memory 
device is a DRAM device containing \ 

a plurality of sense amplifier^. 
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a means to hol\i said sense amplifiers in an unmodified 
\ - . 

state after a read or write operation, leaving the device in 

page mode, | 

a means to precharge said sense amplifiers and 
a means for selecting whether to precharge said sense 

amplifiers or to holl said sense amplifiers in an unmodified 

state . 



42. The bus subsystem of claim 28 wherein said request 
packet comprises an even npnber of bytes . 



43. The bus subsystem\of claim 28 further including a means 
for generating and controll:ing a plurality of bus cycles, during 
which said bus carries said address, data and control 
information, and wherein alteWate said bus cycles are designated 
odd cycles and even cycles, re^spectively, and wherein said 
request packet begins only on an even cycle. 



44. The bus svibsystem of claim 28 further including a means 
for 'generating ECC information corresponding to a block of data 
and a means for using said ECC ip^mation to correct errors in 
storing or reading said blociCof^^, wherein said ECC 
information may be stored separately from said block of data. 
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45. The bus subsystem \of claim 44 further comprising at 
least two of said memory de\Aice8 wherein said ECC information and 
said corresponding block of data are stored in a first and a 
second said memory device, respectively, and said master device 
includes a means to write or 1 read said block of data with error 
correction by sending separatie ones of said request packets for 
said ECC information and for feaid corresponding block of data. 



li 



20 



25 



45. A bus subsystem comprising 

a memory device and \ master device connected in 
parallel on a bus, 

a means for said Vaster device to send a request 
packet and initiate a Bus transaction and 

a means for said mkster device to keep track of 
current and pending bus vtransactions , 
said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said meittory devices, 

said bus containing substantially fewer lines than the 
' number of bits in a single address, and 

said bus carrying device-sdjl\ct^a:fif ormation without the 
need for separate device-seleo^Jac^es connected directly to 
individual devices on said bus, Vrhereby said master device 
initiates bus transactions which transfer information 



between devices on said bus and 
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coll 

\ 



Llisions on said bus are 



avoided because said^aster device avoids initiating bus 
transactions which woui^ conflict with current or pending 
bus transactions . 

47. The bus subsystem of \ claim 46 having at least two of 
said master devices and including 

a collision detectingUeans whereby a first said master 
device sending a first said request packet can detect a 
second said master device sending one of said colliding 
request packets, where one oV said said colliding request 
packet may be sent simultanecLs with the initial sending of 
or overlapping the sending of Wid first request packet, and 

an arbitration means whereby said first and said second 
master devices select a prioritA order in which each of said 
master devices will be allowed tdy access said bus 
sequentially. 

48. The bus subsystem of claim 47 therein each of said 
master devices has a master ID number and\ each of said request 
packets includes a master ID position whi^is^ predetermined 
number of bits in a predetermined positidl?^ said request 
packet, and wherein said collision detectioA means comprises 

a means included in each roaster de'kce for sending a 

request packet including said master ID ljumber of said 
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master device in said makter ID position of said request 

packet and \ 

a means to detect a fcollision and invoke said 
- arbitration means if any Inaster device detects any other 
master ID nvunber in said inaster ID position. 

49. The bus subsystem of Iclaim 47 wherein each of said 
master devices includes 

a means for sending a \ request packet, 
a means for driving a \selected bus line or lines during 
at least one selected bus d^cle while said request packet is 
being sent, 

a means for monitoring \said selected bus line or lines 
to see if a said master devijpe is sending a colliding 

request packet and 

a means for informing ali other master devices that a 
collision has occurred and fo\ invoking said arbitration 
means . 

,50. The bus subsystem of claim yj^T^herein each of said 

master devices includes 

a means, when sending a i/equWt packet, to drive a 
selected bus line or lines with a\certain current during at 
least one selected bus cycle. 
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a means for monitoring4 said selected bus line or lines 
for a greater than normal cirrent to see if another master 
device is driving that line or lines, 

a means for detecting sjaid greater than normal current, 

and 

a means for informing all said master devices that a 
collision has occurred and vpr invoking said arbitration 
means . 



51, The bus subsystem of clapa 47 wherein said arbitration 
means comprises 

a means for initiating aii arbitration cycle, 
a means for allocating a Isingle bus line to each master 
device during at least one seJlected bus cycle relative to 
the start of said arbitration cycle, 

a means for allocating each master device to a single 
bus line during one of said sellected bus cycles if there are 
more master devices than available bus lines, 

a means for each of said ma[ster devices which sent a 
colliding request packet to drii^fe said^ bus line allocated to 
•said master device during said^-selected bus cycle, and 
a means in at least one of s^d master devices for 
storing information about which minster devices sent a 
colliding request packet. 
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v^ereby said master devices can monitor selected bus 
lines during said arbitration cycle and identify each said 



master device which sent a 



colliding request packet. 



52. The bus subsystem of qlaim 47 wherein said arbitration 
means comprises 

a means included in a first one of said master devices 
which sent colliding recpiesli packets for identifying each of 
said master devices which sent colliding request packets, 

a means for assigning a priority to each said master 
device which sent a colliding! request packet, and 

a means for allowing each\ said master device which sent 
a colliding request packet to access the bus sequentially 
according to that priority. 

53. The bus subsystem of claim 52 wherein said priority is 
based on the physical location of each\of said master {ievices. 



54. The bus subsystem of claim 52 ^herein said priority is 
based on said master ID number of said ma^]b,er devices. 

55. The bus subsystem of claim 52 wheVeln each of said 
master devices includes a means, \dien sendiAg a colliding recjuest 
packet, for deciding which master device cam send the next 
recpiest packet in what order or at what time; whereby no master 
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10 



%5 



device may send a new request packet 
pending request packet have been 



until responses to each 
or scheduled. 



20 



completed 



56. A bus subsystem comprising 

a plurality of semiconductor devices connected in 
parallel to a bus, \ 

said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

said control information incljuding device-select 
information, 

said bus containing substantiailly fewer lines than the 
number of bits in a single address,^ 

said bus carrying said device-sfelect information with- 
out the need for separate device-select lines connected 
directly to individual semiconductor \devices, 

said semiconductor devices including a reset means 
having an input and an output, the output of the reset means 
of one semiconductor device being connected to the input of 
the reset means of the next semiconductpA device in series. 



25 



57. The bus subsystem of claim 56 f^rtl^er including system 
reset means comprising 

a means for generating a first and second reset 
signal. 
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said semiconductor devices 



a means for passing said f:Lrst reset signal to a first 
of said semiconductor devices aid then to subsequent ones of 
said semiconductor devices in series and 

a means for passing a second reset signal to said first 
semiconductor device and then t > said subsequent 
semiconductor devices in series 
said bus subsystem including one of 
containing 

a device identification register adapted to contain a 
number unique to said semiconductor device within said bus 
subsystem, 

a device identification register setting means, and 
a device reset means for resetting said semiconductor 
device to some desired, known resdit state in response to 
said first reset signal and for setting said device 
identification register in response^ to said second reset 
signal, 

whereby said bus siibsystem can Ipe reset to a Icnown 
reset state with a unique device ideil^tif ication value in 
said device identification register o^ /4ach^of said 
semiconductor devices. 



58. The bus subsystem of claim 57 v^er^in said desired, 
known reset state is where all registers in -dhe semiconductor 
device are cleared and the state machines are\ reset. 
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59. The bus subsystem of claim '57 wherein said device 



comprises 
isecond reset signal. 



identification register setting means 
a means for detecting said 
a means for reading a devico identification number from 
said bus lines at a specific tims relative to said second 

reset signal and 

a means for storing said de\lce identification number 
in said device identification register of said semiconductor 
device. 



60. The bus subsystem of claim 57\ wherein said second reset 
signal comprises multiple pulse sequences and wherein said device 
identification setting means includes 

a means for interpreting said p^lse sequences as a 
device identification number and 

a means for storing said device kdentif ication number 
in said device identification registet of said semiconductor 
device . 

61. The bus subsystem of claim 57 whed^in said device reset 
means comprises an n-stage shift register d^ti^le of storing n- 
bit values, wherein said device reset meai/s interprets a specific 
value in said shift register as said first reket signal and 
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interprets a specific value in \ said shift register as said second 
reset signal. 

62. The bus siibsystem of claim 57 wherein one of said 
semiconductor devices is a master device, said master device 
including a means for generating said first and said second reset 
signals . 

63. The bus subsystem of ciaim 57 wherein one of said 
semiconductor devices is a mas ter\ device, said master device 
including 

a master ID register, 
a means for assigning a maWer ID number to said master 

device and \ 

a means for storing said master ID number in said 

master ID register. 



64. The bus subsystem of claim 63 farther comprising a 
second one of said master devices, and a means for a first one of 

said master devices to assign a master ID \nu^er to substantially 

' \ / \ . 

all other said master devices, whereby said/ f^st master devxce 



assigns one of said master ID numbers to ea«i,„^ said master 
devices on said bus subsystem and each sai^ i^ster device stores 
said assigned master ID number in said master ID register. 
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65. The bus siibsystem of claiia 57 wherein one of said 
semiconductor devices includes a device-type register adapted to 



contain an identifier characteristic of that type of 
semiconductor device, and one or moie modifiable registers, at 
least one of which is an access-timei register adapted for storing 
access times . 

66. The bus subsystem of claim 165 wherein one of said 
semiconductor devices is a master devkce having 

a means for selecting a semiconductor device, 

a means for reading said devkce-type register of said 
selected semiconductor device, \ 

a means for determining the device type of said 
selected semiconductor device, \ 

a means for determining accessitime values appropriate 
for said selected semiconductor devi'^e and for storing said 
access-time values in said access-time registers of said 
selected semiconductor device, and \ 

a means for selecting and storing! other values 
appropriate for said selected semiconductor device in 
*' corresponding registers of said selectefi semiconductor 

device, ^ /\ 

whereby said master device can sele^j/^Vemiconductor 
device, determine what type it is, and s A setiV access-time 
and other registers to contain appropriate\ values , 

» 
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67. The bus subsystem of claim 66 further comprising a 
memory device having at least one discrete memory section and at 



least one modifiable address register adapted to store memory 
address information which corresponds to each of said discrete 

5 memory sections, and \ 

said master device further comprising a means for selecting 
and testing each of said discrete memory sections and a means for 
storing address information in said address registers 
corresponding to each of said discrWe memory sections, whereby 

10 said master device can test all said discrete memory sections and 

la assign unique address values thereto'. 



% 68. A bus subsystem comprising 

two semiconductor devices connected in parallel to a 
1^ bus, one of said semiconductor devices being a master 

ly device, 

!;i said bus including a plurality ^jf bus data lines for 

i;5 carrying substantially all address, data and control 

information needed by said semiconductor devices, 
20 said control information includirtg ^evlce-select 

information, 

said bus containing substantia Ijiy fev^er of said bus 
data lines than the number of bits in a single address, and 
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said bus carrying device^select information without the 



need for separate device-select lines connected directly to 
individual semiconductor devices, 

wherein all of said bus data lines are terminated 
transmission lines and all of Isaid address, data and control 
information is carried on saidl bus data lines as a 
sequential series of bits in the form of low-voltage-swing 
signals. 

69. The bus subsystem of claim 8 further comprising a 
semiconductor device including a current-mode driver connected to 
drive one of said bus data lines. 

70. The bus subsystem of claim 69\further comprising a 
semiconductor device having a means to measure the voltage of 
said low-voltage-swing signals on a selected one of said bus data 
lines, whereby said semiconductor device can determine whether 
zero, one, or more than one of said current -mode drivers are 
driving said selected bus data line. 

71. The bus subsystem of claim 70 fu^Si^r\comprising a 
semiconductor device having 

a plurality of input receivers conneicted to one of said 
bus data lines, and 
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a selection means for selecting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits 



72. The bus subsystem of claim 
semiconductor device having two inpu 
of said bus data lines. 



70 further comprising a 
receivers connected to one 



73. A bus sxibsystem comprising 

two semiconductor devices coknected in parallel to a 
bus having a first and a second eAd, said bus including a 
bus clock line, said bus clock line having first and second 
ends corresponding to said first anp second ends of said 
bus f respectively, 

a clock generator connected to ^aid first end of said 
bus clock line to generate early bus^clock signals with a 
normal rise time, and 

signal return means at said second end of said bus 
clock line to return said early bus clbck signals to said 
first end of said bus as corresponding V-ate bus clock 
signals, \J \ ^ 

whereby each of said early bus clo^^smndils will 
propagate from said clock generator al:ong\ s^4^ clock line 
starting from said first end to said^secorid end of said bus 
and then return at a later time to said f ifipt. end of said 
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bus as a corresponding la^^ bus clock signal, whereby each 
semiconductor device on said bus can detect said early bus 
clock signals and said corresponding late bus clock signals. 

74, The bus subsystem of cllaim 73 further comprising a 
first and a second said bus clocM line having first and second 
ends at said first and said secona ends of said bus, 
respectively, wherein said signal \retum means directly connects 
said second ends of said first and\said second bus clock lines 
whereby each of said early bus clock signals will propagate from 
said clock generator at said first end of said bus along said 
first bus clock line to said second end of said bus and then 
return on said second bus clock line to said first end of said 
bus as one of said corresponding late Ws clock signals. , 

75. The bus subsystem of claim 73 Wherein said signal 
return means comprises said first bus clock line without a line 
terminator at said second end thereof wh^seby each of said early 
bus clock signals reaching said second enajof^said first bus 
clock line will be reflected back alonSi:^^^^ bus clock line 
as said corresponding late bus clock s\j.gna31s. 
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76. The bus subsystem of claim 73 further comprising 



bus In bus cycles timed to 



a means for operating said 
have a certain bus cycle frequency and a corresponding bus 
cycle period and 

a means for operating said clock generator with a 
period of twice the bus cycle period* 



77 ♦ The bus subsystem of claim |76 wherein said bus cycle 
frequency is greater than approx 1 ma telly 50 MHz and less than or 
equal to approximately 500 MHz. 



78. The bus subsystem of claim 73 further including a 
semiconductor device having an internal device clock generating 
means to derive the midpoint time between said early and 
corresponding late bus clock signals and to generate an internal 
device clock synchronized to said midpoint time. 

79. The bus subsystem of claim 73 further includihg a 
semiconductor device having a low-skew clqck^ generator circuit 
comprising 

a first delay line having an inp^pj^^ output and a 
basic delay and means for synchronfain^th^output of said 
first delay line with said early bu^ cl\ock signal/ 

a second delay line having said badic delay plus a 
variable delay, said second delay line having an output and 



High Performance Bus Interface -90- 




\ 

a means for synchronizing the output of said second delay 
line with said late bus clock signal, and 

a third delay line having a third delay and a means to 
set said third delay midway between the delays of said first 
and second delay lines, said thirc 
output which provides an internal 

synchronized to a time halfway between said early and said 
late bus clock signals. 



delay line having an 
device clock signal 



wherein said early and 
tage-swing signals that 
gh logical values, and 



80. The bus subsystem of claim 73 
said late bus clock signals are low-vol' 
transition cyclically between low and h 

further including a semiconductor devic^ having a low-skew clock 
generator circuit comprising 

a DC amplifier to convert said 1 early and said late bus 
clock signals into full-swing logic \ signals, 

a first variable delay line having a first variable 
delay and an input and an output, the input of said first 
variable delay line being connected t^) said DC amplifier 
a first, a second and a third ad 
' each having an input and an output, t 
said additional delay lines being co 
said first delay line, 

said first additional delay l\nB having a fixed 

delay. 



iti( 



fie a: 



icte 



►nal delay line, 
.pulf^^of each of 
to the output of 
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said second additional delay line having said 



fixed delay plus a second Wariable delay, and 

said third additional delay line having said fixed 
delay plus one half of said second variable delay, 
a first clocked input receiver connected to sample said 
early bus clock signal and gatei by said output of said 
first additional delay line, 

a means for adjusting said first variable delay so said 
first clocked input receiver samples said early bus clock 
signal just as said early bus clock signal transitions, 

a second clocked input receiver connected to sample 
said late bus clock signal and gated by said output of said 
second additional delay line, 

a means for adjusting said seV:ond variable delay so 
said second clocked input receiver! samples said late bus 
clock signal just as said late bus block signal transitions, 
whereby said output of said thiifd additional delay line 
is synchronized to a time halfway he^e'dn said oxltputs of 
said first and said second additional WeMy JJLn'es, and said 
output of said third additional delay^jfi^ne^ provides an 
internal device clock signal. 



81. The bus subsystem of claim 80 furthpr comprising a 
semiconductor device having 
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a first one of said low-skew clock generator 
circuits which generates a "true" internal device clock 
signal and 1 

a second one of sa^d low-skew clock generator 
circuits connected to generate a "complement" internal 
device clock signal synchronized with but opposite in 
logical value to said "tipe" internal device clock 
signal. 



82. A DRAM device designed to ibe connected to an external 
bus having a plurality of bus lines If or carir^ing substantially 
all address, data and control informktion needed by said DRAM 
device as a sequential series of bits, said control information 
including device-select information, \said external bus containing 
substantially fewer said bus lines than the number of bits in a 
single address, and said bus carrying nevice-select information 
without the need for separate device-s4lect lines connected 
directly to said DRAM device, said DRAm\ device comprising 

an array of memory cells connected in rows and columns, 
each of said memory cells adapted toxJ^tore one of said bits, 

a row address -selection means f^bl^selecting one of said 

rows , 

a column sense etmp connected to eaich of said columns, 
each of said column sense amps adapted to latch one of said 
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bits as a binary logical value o:: to precharge to a selected 
state, 

a column decoding means connected to each of said 
column sense amps for selecting a plurality of said column 
sense amps for inputting one of 



said bits to or outputting 



one of said bits from said memory cells, 

an internal I/O bus having a plurality of internal I/O 
lines wherein each of said interlial I/O lines is connected 
to a plurality of said column sense amps, and 

a plurality of bus connectioh means designed to connect 
said internal I/O lines to said external bus, 

whereby a selected bit of saiW sequential series of 
bits can be transferred from said fextemal bus to a selected 
one of said memory cells or said bit contained in a selected 
one of said memory cells can be transferred to said external 
bus . 



83. The DRAM device of claim 82 fuztther comprising 

an output driver connected to ojiey said bus connection 
means , 

an output multiplexer having^wTpHtput connected to 
said output driver and a plurality ofl inputs, each of said 
inputs being connected to one of said| internal I/O lines, 
and 
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a control means to select whether said output driver 
can drive said external bus, 

whereby a plurality of memory cells are selected using 
said row address selection means and said column decoding 
means and a plurality of bits contained in said plurality of 



memory cells are output through saic 
said internal I/O bus to said outpul 
output driver to said external bus. 



84. The DRAM device of claim 82 further comprising 



a plurality of input receivers 
bus data lines and to said internal 

a selection means for selecting 
one by one to sense and store, one a" 
said sequential series of bits, and 

a control means to select whethejr/^n input receiver can 
drive said internal I/O bus, whereby 
sequential series of bits is input) 



column sense amps to 
multiplexer to said 



onnected to one of said 
I/O bus, 

said input receivers 
a time, the bits of 




through one of said input receivers to one of said internal 



I/O lines to one of said column sense 
memory cells. 



t^of said 
aid exteirnal bus 



amps to one of said 
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85. The DRAM device of claim 82 further comprising 

a first and a second half -array of said memory cells 

%^erein each said row of said array of said memory cells is 

subdivided into two parts, 

a first and a second one of skid internal I/O buses 

connected to said column sense amps in said first and said 

second half -arrays, respectively, and 

a column decoder means to gate selected ones of said 



column sense amps connected to saild memory cells in a 
selected row of said first and sailjd second half-arrays 
simultaneous ly . 



86. The DRAM device of claim 85 wherein said column decoder 
means selects sixteen column sense amps lat a time. 



87. The DRAM device of claim 82 wherein said external bus 
operates at a certain speed and wherein said DRAM device includes 
four of said internal I/O buses, each of ^hich operates at one- 
fourth the speed of said external bus. 



: 88. The DRAM device of claim 82 further! comprising 

a means for precharging one of saidTAcolumn sense amps 
to a precharged state from which a/bir^ary logical value can 
quickly be loaded into said column sense amp. 
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if said coliamn sense amp^ contains a binary logical 
value, a means for latching tlie logical value currently 
contained in said column sense amp and 

a means for instructing said DRAM device to precharge 
said column sense amp or latch said binary logical value in 
said column sense amp. 



89. The DRAM device of claim 88 further comprising a means 



for instructing said DRAM device to \^recharge said column sense 
amp without further instruction whenever said row address 
selection means selects a different one of said rows. 



90. The DRAM device of claim 88 \further comprising a means 
for instructing said DRAM device to precharge said column sense 
amp without further instruction at a first or a second 
preselected time after latching the latest said binary logical 
value, said first preselected time being long enough for said 
DRAM to latch said binary logical value Vnto said column sense 
amp and transfer said binary logical value into memory or onto 
one of said internal I/O lines, and said seo^md preselected time 
beiAg a variable which can be stored in s^^FlAM device whereby 
said DRAM can latch a binary logical vSeT^tb said column sense 
amp for transferring said binary logical value into or out of a 
selected said memory cell, then precharge tp allow a faster 
subsequent read or write. 
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91. A package containing 

a semiconductor die^having a side, circuitry and a 
plurality of connecting areas positioned along or near said 
side, spaced at a select^ pitch and connected to said 
circuitry, 

said package comprising a plurality of bus connecting 
means for connecting to a plurality of external bus lines, 
each of said external bus l^nes corresponding to one of said 
connecting areas, each of sa^^ bus connecting means being 
positioned on a firs^ side of said package, 
connected to one said external bus line and to 
said corresponding connecting area on said 
semiconductor die, and V 

spaced at a pitch substantially identical to said 
selected pitch of said connecting areas, 
whereby each of said external bus lines can be 
connected to said corresponding conn^^ting area on said 
semiconductor die by bus connection means positioned along a 
single side of said package. 



* 92. The package of claim 91 further comprisina a- plurality 
of said bus connecting means wherein each of j^^SiO^bne connecting 
means includes 

a pin adapted for connection to one of said external 
bus lines and 

High Performance Bus Interface -98- 



V. 



\ 

a wire connecting said pin to one of said connecting 
areas on said seniconducto^ die, 

1 

said wire having an ef fectilve lead length less than about 4 



millimeters and wherein the effective lead length of said wire of 
each of said bus connection means for said package is 
approximately equal. 



93. A plurality of packages of claim 91 wherein at least 
two of said semiconductor die are memory devices, each of said 
packages being generally flat, having a top and a bottom, and 
wherein 

said packages are physically secured adjacent and parallel 
to each other in a stack, 

where a first one of said packages is adjacent to a second 
one of said packages in said stack, s^id top of said first 
package is substantially aligned with s^aid bottom of said second 
package, and 

said bus connecting means of each of said packages^ are 
substantially aligned and are lying substantially in a plane. 



'94. The plurality of packages of clam. 9 3v further 




comprising a plurality of stacks wherein pa.ch of said bus con- 
necting means can be electrically connected to corresponding said 
bus connecting means in each of said stacks. 
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95. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel\ to a bus wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-selett information for said 
semiconductor device without the\need for a separate device- 
select line connected directly to\said individual semiconductor 
device, said semiconductor device boroprising 

connection means adapted \to connect said semiconductor 
device to said bus, and \ 

at least one modifiable identification register 
accessible to said bus through said connection means, 
whereby data may be transmitted to said register via said 
bus and enable said device thereafter to be uniquely 
identified. 

96. The semiconductor device of cla^iiti \95w«erein said 
semiconductor device is a memory devLc§c:i^^^\coimects 
substantially only to said bus and send^ and receives 
substantially all address, data and control^ information over said 
bus. 
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97. A semiconductor device capable of use in a semi- 
conductor bus . architecture including L plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying! substantially all address, 
data, control and device-select information needed by said 
semiconductor device for comm\inication\ with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the \number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, said semiconductor device compris^ing 

connection means adapted to connect said semiconductor 
device to said bus, and \ 

at least one modifiable register! to hold device address 
information, said modifiable register accessible to 
said bus through said connection means, whereby data 
may be transmitted to said registe^r via said bus which 
enables said device thereafter to resp^ond to a 
predetermined range of addresses. 




98. The semiconductor device of claim /97\ wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
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substantially all address, data and control information over said 



bus . 



99. The semiconductor device of claim 98 vrtierein said 
memory device has at least one discrete memory section and also 
has at least one modifiable address register adapted to store 
memory address information which corresponds to each said 
discrete memory section. 

100. The semiconductor device of claim 99 wherein said 
memory address information comprises a \pointer to said discrete 
memory section. 



101. The semiconductor device of claim 100 wherein said 
discrete memory section has a top and a bottom and said memory 
address information comprises pointers to said top and said 
bottom . 



102. The semiconductor device of claim wherein^said 
memory address information comprises 

a pointer to said discrete memory 

a range value indicating the size 
memory section. 
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103. A semiconductor device capable of use in a semi- 
conductor bus architecture Including a plurality of semiconductor 
devices connected in parallel to a Ais wherein said bus includes 



a plurality of bus lines for carrying substantially all address,- 
data and control information needed iy said semiconductor device 
for communication with substantially levery other semiconductor 
device connected to said bus, and has! substantially fewer bus 
lines than the number of bits in a single address, said 
semiconductor device comprising \ 

connection means adapted to donnect said semiconductor 

device to said bus, and \ 

at least one modifiable access-time register accessible 
to said bus through said connectionl means , whereby data may 
be transmitted to said register vialsaid bus which 
establishes a predetermined amoiint of time that said 
semiconductor device thereafter must\wait before using said 
bus in response to a request. 

104. The semiconductor device of claimy 03\^wherein said 
semiconductor device is a memory device which c(Min^BCts 
substantially only to said bus and sends andWec^ves 
substantially all address, data and control infoMation over said 
bus. 



High Performance Bus Interface -103- 



\ 

105. The semiconductor device of claim 103 further 
comprising at least two access-time registers and one of said 
access-time registers is permanently programmed to contain a 
fixed value and at least one of said access-time registers can be 
modified by information carried on \said bus. 

106. A semiconductor device capable of use in a semi- 
conductor bus architecture including! a plurality of semiconductor 
devices connected in parallel to a bis wherein said bus includes 
a plurality of bus lines for carrying! substantially all address, 
data, control and device-select information needed by said 
semiconductor device for communicatioii with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the \number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, and wherein each said bus line is\a terminated 
transmission line, said semiconductor device comprising 

connection means adapted to conndpyfeaid semiconductor 

device to said bus , and 

a bus line driver capable of pr^K^^i^i a low-voltage- 
swing signal on one of said terminated transmission lines 
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107 . The semiconductor device of claim 106 wherein said 
semiconductor device is a memory de^^ice which connects 
substantially only to said bus and sends and receives 



substantially all address, data and 
bus . 



control information over said 



108. A semiconductor device capable of use in a semi- 
conductor bus architecture including k plurality of semiconductor 
devices connected in parallel to a bus^ wherein said bus includes 
a plurality of bus lines for carrying ^bstantially all address, 
data, control and device-select information needed by said 
semiconductor device for communication w^ith substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, said bus further including at least one bus clock line 
for carrying early and late bus clock signals\, said semiconductor 

device comprising \/\ 

connection means adapted to connect s^aid^ semiconductor 

device to said bus, and 

an internal device clock generating beans which 
generates an internal device clock synchrdnized to a time 
halfway between said early and said late bus\clock signals. 
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109 . The semiconductor device of \claiio 108 wherein said bus 
further includes a first and a second bne of said bus clock 
lines, said first bus clock line carries said early bus clock 
signal and said second bus clock line carries said late bus cloc 
signal, said semiconductor device further comprising a means to 
detect said early bus clock signal on said first bus clock line 
and a means to detect said late bus cl< 
bus clock line. 



ck signal on said second 



110. The semiconductor device of cllaim 109 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends! and receives 
substantially all address, data and control information over said 
bus . 

111. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to a bus wherein said bus includes 
a plurality of bus lines for carrying as a sequential series of 
bits substantially all address, data, control and device-select 
information needed by said semiconductor device for communication 
with substantially every other semiconductor devidfecoiinected to 
said bus, and has substantially fewer bus ^JW^^^ number 
of bits in a single address, and carries de\^ce-select 
information for said semiconductor device without the need for a 
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separate device-select line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted to connect said semiconductor 

device to said bus, 

a plurality of input receivers connected to one of said 

bus data lines and I 

a selection means for selecting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of bits. 



112. The semiconductor device of claim 111 wherein said 
semiconductor device is a memory device which connects 
substantially only to said bus and sends and receives 
substantially all address, data and contro^l information over said 
bus . 



113. The semiconductor device of claim \ll2 wherein two input 
receivers are connected to one of said bus l^ines. 



114. A semiconductor device capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices connected in parallelj/to a^bus wherein 
said bus system includes a plurality of bus liw^for carrying 
substantially all address, data, control an<^ device-select 
information needed by said semiconductor device for communication 

High Performance Bus Interface -107- 



with substantially every other semicdnductor device connected to 
said system bus, and has substantially fewer bus lines than the 
number of bits in a single address, and carries device-select 
information for said semiconductor deVice without the need for a 
separate device-select line connected directly to said individual 
semiconductor device, said semiconduc :or device comprising 

connection means adapted tolconnect said semiconductor 
device to said system bus, I 

an internal input /output bus Within said semiconductor 
device having more lines than said^ system bus, and 

a means for multiplexing the lines of said internal bus 
to the lines of said system bus, whereby said system bus can 
ran at a higher speed than said internal bus. 



115. The semiconductor device of claim 114 wherein said 
semiconductor device is a memory device wlkch connects 
substantially only to said system bus and Sends and receives 
substantially all address, data and control\ information over said 
system bus. 

' 116. A semiconductor device capable of use in an 
architecture for a semiconductor system bus ^nc/yxiiLng^a plurality 
of semiconductor devices connected in parallgjpbiJ^ bus wherein 
said system bus includes a plurality of busMlneMor carrying 
substantially all address, data, control and deVice-select 
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information needed by said semiconductor device for connaunication 
with substantially every other semiconductor device connected to 
said system bus, and has substantially fewer bus lines than the 
number of bits in a single address, 'and carries device-select 
5 information for said semiconductor device without the need for a 
separate device-select line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted to \connect said semiconductor 
device to said system bus, 

10 an internal input/output bus Within said semiconductor 
device having more lines than s a id\ system bus, 

:| a means for multiplexing the Mnes of said internal bus 

to the lines of said system bus, whtereby said system bus can 
J=0 run at a higher speed than said internal bus, and 

% at least one modifiable identification register 

9 accessible to said system bus through\ said connection means, 

j'U whereby data may be transmitted to said register via said 

11 system bus and which enables said devil^e thereafter to be 
uniquely identified. 

20 

' 117. The semiconductor device of claim 116 *?^herein said 
semiconductor device is a memory device which \coi^n^^s 
substantially only to said system bus and seH^kC^ri^ receives 
substantially all address, data and control information over said 
25 system bus. 
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118. A semiconductor device capable of use in an 
architecture for a semiconductor syltem bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said system bus includes a pluralitJ of bus lines for carrying 
substantially all address, data, control and device-select 
information needed by said semiconductor device for communication 
with substantially every other semicLnductor device connected to 
said system bus, and has substantially fewer bus lines than the 
number of bits in a single address. And carries device-select 
information for said semiconductor deWce without the need for a 
separate device-select line connected\directly to said individual 
semiconductor device, said semiconductW device comprising 

connection means adapted to cWct said semiconductor 

device to said system bus, \ 

an internal input/output bus Jithin said semiconductor 
device having more lines than said Wstem bus, 

a means for multiplexing the likes of said internal bus 
to the lines of said system bus, wheieby said system bus can 
run at a higher speed than said internal bus, and 

at least one modifiable register Vo hold device address 
' information, said modifiable register kc Jfesible to said 
system bus through said connection me^r^BTBhy data may 
be transmitted to said register via "^^a^syktem bus which 
enables said device thereafter to respon^ to a predetermined 
range of addresses. 
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119. The semiconductor device of ^^laim 118 wherein said 
semiconductor device is a memory device which connects 
substantially, only to said system bus and sends and receives 
substantially all address, data and control information over said 
system bus . 

120. The semiconductor device of claim 119 wherein said 
memory device has at least one discrete Wemory section and also 
has at least one modifiable address register adapted to store 
memory address information which correspo^nds to each said 
discrete memory section 



121. A semiconductor device capable o^ use in an 
architecture for a semiconductor system bus^ including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said system bus includes a plurality of bus \lines for carrying 
substantially all address, data and control information needed by 
said semiconductor device for communication with substantially 
every other semiconductor device connected to\said system bus, 
and has substantially fewer bus lines than the^ number of bits in 
a single address, said semiconductor device comprising 

•connection means adapted to connect said^^emiconductor 

device to said system bus, _a!^^\ 

an internal input/output bus within^id^sei^conductor 
device having more lines than said system bus^ 
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a means for multiplexing the lines of said internal bus 
to the lines of said system bus, whlfeby said system bus can 
run at a- higher speed than said internal bus, and 

at least one modifiable access-time register accessible 
to said system bus through said coJection means, whereby 
data may be transmitted to said register via said system bus 
which establishes a predetermined amount of time that said 
semiconductor device thereafter mustlwait before using said 
system bus in response to a request. 1 

122. The semiconductor device of claiA 121 wherein said 
semiconductor device is a memory device which connects 
substantially only to said system bus and sends and receives 
substantially all address, data and controi^ information over said 
system bus. 

123. The semiconductor device of claim 121 further 
comprising at least two access-time registers and one of said 
access-time registers is permanently programmed to contain a 
fixed value and at least one of said access-time registers can be 
modified by information carried on said system^ bus. 

124. A semiconductor device capable of us^n A semi- 
conductor bus architecture including a plur'^^^'^semiconductor 
devices connected in parallel to a bus wherein ^^aid bus includes 
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a plurality of bus lines for carrying 'substantially all address, 
data, control and device-select information needed by said 
semiconductor, device for communication Iwith substantially every 



other semiconductor device connected to 



said bus, and has 



substantially fewer bus lines than the number of bits in a single 
address, and carries device-select infcirmation for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, wherein said address, data, control and device-select 
information is carried over said bus in the form of request 
packets and bus transactions, said semic<^nductor device 
comprising 

connection means adapted to coni^ect said semiconductor 
device to said bus, 

a means to receive said request packets over said bus, 
a means to decode information in said request packets, 

and \ 

a means to respond to said information in said request 

packets . 



' 125. The semiconductor device of claim 
means to decode information in said request 
comprises 

a means to identify and decode said coi^rol information 
in said request packet. 
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a means to identify and decode said device-select 
information in said request packet > 

a means to identify and decode said address information 
in said request packet and I 

a means to determine vdiether Isaid control information 
or said address information instructs said semiconductor 
device to begin a response. 

126. The semiconductor device of claim 124 wherein each of 
said bus transactions is carried out in atesponse to said address 
and said control information in one of said request packets , and 
wherein said means to identify and decode ILnf ormation in said 
request packets includes a means to identify a sequence of bytes 
on said bus as one of said request packets \containing said 
address and said control information, said control information 
including information about the type of saicj^bus transaction 
being requested and the access time which ne^s to intervene 
before beginning said bus transaction over sai^d bus arid said 
address and said control information includes device-select 
information instructing one or more said semicoi^A^ctor devices to 
respond to said address and said control info 




127. The semiconductor device of claim 124 f^urther 
comprising 
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a plurality of sense amplifiers^ adapted to precharge to 
a selected state or to latch a bit of information, 

a means to hold said sense amplifiers in an unmodified 
state after latching one of said bits of information. 



a means to precharge said sense 



amplifiers and 



a means for selecting whether siid semiconductor device 
should precharge said sense amplifiers or should hold said 
sense amplifiers in an tinmodified state. 

128. The semiconductor device of claim\l24 wherein said 
means to respond to said information, whereUaid information is 
control information, further comprises a meaJns to 

transfer a data block during a data block transfer, 
further including a means to \ 

read data from said semiconduc|;or device and 
write data into said semiconductor device, and 
initiate a data block transfer, \ 
transfer a data block of a selected size, 
transfer a data block at a selected tWe, 
access a control register, including ^ means to read 
from or write to said control register, or 
select normal or page-mode access. 




129. The semiconductor device of claim 124 further 
comprising a means to respond to said information \n said request 
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packet if said information includes a depce identification 
number unique to said semiconductor device. 



130. The semiconductor device of claim 124 further 
comprising a means to respond to said infbrmation in said request 
packet if said information includes a special device 



semiconductor device 



identification number which calls for saic 
to respond. 

131. The semiconductor device of claim 124 further 
comprising a means to respond to said information in said request 
packet if said information includes an address unique to said 
semiconductor device. 



132. The semiconductor device of claim 124 further 
comprising a means to interpret said control \information and 
decode the time to wait before beginning said^ bus transaction 
over said bus . 



133. The semiconductor device of claim 12«rf)jrtfter 
comprising a means to interpret said control AnforniaAion and 
decode the size of a data block to transfer MuriJng one of said 
bus transactions. 
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134. The semiconductor device of claim 124, 125, 126, 127, 
128, 129, 130, 131, 132 or 133 wherekn said semiconductor device 
is a memory device which connects substantially only to said bus 



and sends and receives substantially 
control information over said bus. 



all address, data and 



135. A semiconductor device capable of use in a semi- 
conductor bus architecture including la plurality of semiconductor 
devices connected in parallel to a bJs wherein said bus includes 
a plurality of bus lines for carrying! substantially all address, 
data, control and device-select infonMition needed by said 
semiconductor device for communication! with substantially every 
;P other semiconductor device connected to said bus, and has 

I'JJ \ 

M substantially fewer bus lines than the number of bits in a single 

rll \ 

15 address, and carries device-select infoirmation for said 

'3 \ 

1=0 semiconductor device without the need for a separate device- 
=S select line connected directly to said individual semiconductor 
device, wherein said address, data, control and device-select 
information is carried over said bus in the form of request 
20 packets and bus transactions, said semiconductor device 
comprising 

connection means adapted to connect\^6^d" semiconductor 

device to said bus, 

a means to encode address and cont^oi^ information in 

25 said request packets and 
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a means to send said requi^st packets over said bus, 



136. The •semiconductor device of claim 135 further 
comprising a means to request a bus iransaction wherein each of 
said bus transactions is carried out in response to said address 
and said control information in one >f said request packets, and 
wherein said means to encode information in said request packets 
includes a means to mark a sequence if bytes on said bus as one 
of said request packets, said controi information including 



information about the type of said bus transaction being 
requested and the access time which nLds to intervene before 
beginning said bus transaction over safid bus and said address and 
said control information includes device-select information 
instructing one or more said semiconductor devices to respond to 
said address and said control information. 

137. The semiconductor device of cliim 135 wherein one or 
more of said plurality of semiconductor devices has a' unique 
device identification number, said semiconductor device further 
com^prising a means to send control information to a specific one 
of said plurality of semiconductor devices \by including in said 
request packet a selected said device identVff3.^tion. number . 

138. The semiconductor device of claiJ^5-2ereLn each of 
said plurality of semiconductor devices J ada^pted to respond to 
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a special device identification numbe^, said semiconductor device 
further comprising a means to send control information to each of 
said plurality of semiconductor devices by including in said 
request packet said special device identification number. 

139. The semiconductor device of ckaim 135 wherein one or 
more of said plurality of semiconductor, devices is a memory 
device having a plurality of addresses,! said semiconductor device 
further comprising a means to send control information to a 
specific address or range of addresses in one of said plurality 
of semiconductor devices by including said specific address or 
range of addresses in said request packet^ 

140. The semiconductor device of claiA 135 wherein at least 
one of said request packets is a request paket requesting a bus 
transaction which is followed by a corresponding one of said bus 
transactions, said semiconductor device further comprising a 
means to encode said control information to slecify directly or 
indirectly the time between the end of said reWuest packet 
requesting a bus transaction and said correspoAdina bus 
transaction over said bus. 

141. The semiconductor device of claim 14/) vSe^ein one type 
of said bus transactions is a transfer of a data block, said 
semiconductor device further comprising a means to^ncode said 
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control information to specify the 8i?e of said data block to 

.... .. . . ■ • ' 4 • - - . •.. • 

transfer. I 

142. The semiconductor device of claim 140 further 
comprising a means to keep track of current and pending bus 
transactions, whereby collisions on saild bus are avoided because 
said semiconductor device avoids initiating bus transactions 
which would conflict with current or pJnding bus transactions. 



143. The semiconductor device of claim 135 wherein said 
semiconductor device is a first master device and one of said 
plurality of semiconductor devices is a teecond master device, 

further comprising \ 

a collision detecting means wheteby said first master 
device when sending a first one of slid request packets can 
detect said second master device sending a colliding one of 
said request packets, where said colliding request packet 
may be sent simultaneous with the initial sending of or 
overlapping the sending of said first ieqpiest packet, and 

an arbitration means whereby said jixp^^ said second 
master devices select a priority orS^'^Swj^i^ch each of said 
master devices will be allowed to ac6ess\said bus 
sequentially . 
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144. The semiconductor device of claim 143 wherein said 
semiconductor device is a master device and at least one of said 
plurality of semiconductor devices is a master device, each of 
said roaster devices has a master ID nuuber and each of said 
request packets includes a master ID position which is a 
predetermined number of bits in a predetermined position in said 
request packet, and wherein said collision detection means 

comprises \ 

a means for said semiconductor device to send its 
master ID number in said request packet and 

a means to detect a collision aVid invoke said 
arbitration means if said semiconductor device detects any 
other master ID nximber in said master\ ID position. 

145. The semiconductor device of claim \l44 wherein said 
system bus architecture includes a means for\carrying information 
on said bus during bus cycles, said semicondiJptor device further 
comprising 

a means for driving a selected bus line or lines during 
at least one selected bus cycle while sending/ each said 
request packet, \/ )><^ 

a means for monitoring said selecte^,J^is-^:in4 or lines 
to see if another said master device is sfending one of said 
colliding request packets and 
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a means for informing a^ll said master devices that a 
collision has occurred and for invoking said arbitration 
means . 



146. The semiconductor device 

comprising 

a means, when sending a 



of claim 145 further 



request packet, for driving a 



selected bus line or lines with a certain current during at 



■1 



least one selected bus cycle 

a means for monitoring said selected bus line or lines 
for a greater than normal current to see if another said 
master device is driving that line or lines, 

a means for detecting said\ greater than normal current, 

and \ 

a means for informing all said master devices that a 
collision has occurred and for invoking said arbitration 
means . 



147. The semiconductor device of cl\aiiA 143 wherein said 
arbitration means comprises 

a means for initiating an arbi^atlbn cycle, 
a means for allocating a sijialeWs. Vine to each said 
master device during at least one selWted bus cycle 
relative to the start of said arbitratAon cycle. 
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a means for allocating eaih said master device to a 

i 

i 

1- 

a means for each o£ said Jster devices which sent one 



a.meaiio j-vj. ^ , 

single bus line during one of slid selected bus cycles if 
there are more master devices tian available bus lines. 



of said colliding request packetl to drive said bus line 
allocated to said master device during said selected bus 

cycle, and 1 

a means in at least one of skid master devices for 
storing information about which nj^ster devices sent one of 
said colliding request packets, 

whereby said master devices cln monitor selected bus 
lines during said arbitration cyclV and identify each said 
master device which sent one of sai\^ colliding request 
packets . 

148. The semiconductor device of claim\l43 wherein said 

arbitration means comprises 

a means for identifying each of said master' devices 
which sent one of said colliding requesA pickets, 

a means for assigning a priority toUak^aid master 
device which sent one of said colliding^^t packets, and 
a means for allowing each said ma^feiU§^ce which sent 
one of said colliding request packets' to access the bus 
sequentially according to that priority. 
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149. The semiconductor devlce\ of cloii. 143 wherein aald 
priority Is based on the physical ^ocatlon of each of said master 

devices . 



claim 143 wherein said 



150. The semiconductor devi« ^ 
priority is based on said master ID^umber of said master 

devices . 
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